This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appUcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL HIOPERTY ORGANIZATrON 
btemationa) Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) IntemBtkuiai FUcnt Chssificatiaa ^ : 
B4U 2/195, 2/175 



Al 



(11) Interaational Publkatlon Number: WO 99/S5695 

(43) Intematkunl PubUcatkm Date: 23 Dccembtr 1999 (23.t2.99) 



(21) Intmatkuial AppHcatton Number: PCrAJS99^ 13556 

(22) InternatSonal FQing Date: 16 June 1999 (I6i)6.99) 



(30) PriofUy Data: 

C9n(30fi42 



19 June 1998 (19X)6.98) 



US 



(71) Applicant LEXMARK INTERNATIONAL, INC. [USAJSJ; 
740 West New arcle Road, Lexingtorv KY 40550 (US). 

(72) Inventor: COOK. Wflliam, Paul; 1143 Rockbridge Road. 
Lejungton, KY 40515 (US). 

(74) AgMit: SANDERSON, Michael. T.; Lexmafk Intcmational, 
Inc., 740 West New Circle Road, Uxington, KY 40550 

(US). 



(81) Dcrigoatcd States: AE, AL, AM. AT, AU. AZ. BA, BE. EG, 
BR. BY. CA. CH. CN, CU, CZ, DE. DK. EE, ES, FI. GB, 
GD. GE» GH. GH HR, HU. ID, EL, IN, IS, JP. KB, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT. LU, LV. MD, MG. MK, 
MN, MW, M)C NO, NZ, PL, PT, RO. RU. SD, SE, SG. SI, 
SK, SL, TJ, TM. TR, TT, UA. UG. UZ, VN. YU, ZA, ZW, 
ARIPO patent (GH, GM, KE, LS. MW, SD, SL, SZ, UG, 
ZW), Boiasian patent (AM, AZ, BY, KG, KZ, MD, RU, Tl, 
TM). European patent (AT. BE, CH. CY, DE. DK, ES, FI. 
FR. GB, GR, IE, fT, LU, MQ NL. PT, SE), OAPI patent 
(BP, BJ, CF, CG, a, CM. GA, GN, GW, ML. MR, NE, 
SN, TD, TG), 



PubiUwd 

WUh aOematUmal search report 

Befifre the ej^Hratum the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54)'ntk: OFF^IARWER INKJET IWNT SUPPLY WTTH MEMORY 



MECWMKAL 
BU)CXOWGRMI 




CkD«P4) 



(57)AtHtnct 



TT« inve«k« ensum the iKcper operoion (rf m 1^^ 
(8). is conpatible with ink contained within a pfimfaad oitiidgB (2). and «>«n*5« f"?!:"^^ 
SiiwSrby comparing infonnation idatcd to chaiBclBristio of the Ink contained in «^ »J>\?« 

«e«Sr (4). The ^mote ink caitridgt n»na>y device (14) sto» infor^to. » 
caitridECTeseivoir(lO). Since tiK number of chawatiistics diat can be siwed i» deBaniined by die capw 

S^SSoo i.«comes d>e llmit«io« of prior devices which finccd cwnpwibil^^ r^'^^^f^J^ T^iTK 
mLS^vioe (14) is also provided for storing infonnation. such as d^ 



mnoce ink cartridge rescivoir. 



FOR THE PUXPOSES OP mPORMATiWi ONLY 



Codes used to identify States paity to the ICT « 

AM AiBoU n 

AT AnBri» ^ 

KV AmnHa 

AZ AaotaijH CB 

BA Bottia md Muujg ov ^ GB 

BB BvtedM GH 

Bs n i-!_TL ©I ate* '"T" 



BG Bn)ais Hu 




CA ODMb _ » Mi« VN VtaM- 

YoBOiM 



BB Br«fl !^ i-w iw-rf US lh*da-»rfA-™ 

BY Behras IS 

rr 

CF Ccml AfrioM Rifiab&c JF 

OC CoegP ^ 

CH SwinaW KG 

a Cflted'lwt KP 

CM CwMnioa 

CN Qna KR 

CU Cnta 

CZ Ciadt Republic U: 

DB GennMy U 

DK DcBBSk UC 

BE Ejunia LR 



LS 


LcMlfao 


SI 


LT 


UlkMn 


SK 


LU 




W 


LV 


Utna 


9Z 


MC 


MooM 


TD 


MD 


Rcp^ of MoUovs 


TG 


MG 




TJ 


MK 


The fanner Y«toBl>v 


TM 




RqiBUicorMKedaui 


IR 


ML 




TT 


MN 




UA 


MR 


MmiMui 


UG 


MW 


Mibnri 


US 


MX 


MakD 


uz 


NE 




VN 


Nt 


NdfaoMi 


YU 


NO 


Nanny 




HL 


NewZohBd 




PL 


Mad 




PT 
RO 


Rooiaia 




RU 


Ronin IXihiuioo 




SD 


SodlD 




SB 


Swcdn 






wo 99/65695 



PCT/US99/13556 

Off-Carrier Inkjet Print Supply With Memory 



Field of the Invention 
The present invention is generally directed to inkjet printers, and is more 
5 particularly directed to a method and ^paratus for controlling an inkjet printer based upon 
compatibility between a primary ink supply in a print cartridge and a secondary, ofT-carrier 
ink reservoir. 

Background of the Invention 

10 Thermal inkjet printers apply ink to a print medium by ejecting small droplets of 

ink from an array of nozzles located in a printhead of a print cartridge. An array of thin- 
film resistors on an integrated circuit on the printhead selectively generates heat as current 
is passed through the resistors. The heat causes ink contained within an ink reservoir 
adjacent to the resistors to boil and be ejected from the array of iu>zzles associated with the 

15 resistor array. A printer controller determines which resistors will be "fired** and the proper 
firing sequence so that the desired pattern of dots is printed on the medium to form an 
image. 

Typically, replaceable printhead cartridges include integrated ink reservoirs. Due 
to weight limitations, these reservoirs usually contain much less hak than the printhead is 

20 capable of ejecting over its intrinsic lifetime. The useful lifetime of a printhead cartridge 
can be extended significantly if the integrated ink reservoir can be refilled. Several 
methods now exist for su|^]ying additional ink to the printhead after the initial supply in 
the integrated reservoir has been depleted. Most of these methods involve continuous or 
intermittent siphoning or pumping of ink from a remote ink source to the print cartridge. 

35 The remote ink source is typically housed in a replaceable ink cartridge which is "off- 
carrier", meaning it is not mounted on the carriage whidi moves the printhead cartridge 
across the print medium. The ink usually travels from tfie remote ink cartridge to the 
printhead cartridge throug^i a flexible conduit 

One problem associated with refillable printhead cartridges is the possibility of 

30 refilling the cartridge with ink of a color that does not match the color of the original ink. 
Mismatched ink colors can lead to unfortunate results, especially when the cartridge refill 
occurs during an ongoing multicolor printing task. Mismatched ink formulations, such as 
dye-based ink mixed with pigment-based ink, can also lead to undesirable results. 

Such problems have been addressed in the past by provision of mechanical features 

35 to force compatibility between the printhead cartridge and the off-carrier ink cartridge. 

1 
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Such mechanical features have been added to the printhead cartridge, the ofT-carrier ink 
cartridge, or both. However, as the number of ink colors and special ink formulations 
increase, mechanical systems become inadequate to provide for all possible combinations. 
Therefore, a means of assuring compatible combinations of printhead cartridges and remote 
5 ink cartridges is needed. 

Summary of the Invention 
The foregoing and other needs are met by an apparatus which compares 
characteristics of an inkjet printhead cartridge with characteristics of a remote ink cartridge. 

to The apparatus inchides a printhead which is disposed on the inkjet printhead cartridge. 
The printhead has an array of nozzles. Each nozzle has an ejection elonait for causing ink 
in the nozzle to be ejected from the nozzle and onto a print medium. The apparatus also 
has a primary ink reservoir disposed on the inkjet printhead cartridge. The primary ink 
reservoir contains a first quantity of ink which is in fluid corrununication with the array of 

15 nozzles. A printhead memory device, which is disposed on the inlget printhead cartridge, 
stores first information related to characteristics of the printhead cartridge. A secondary 
ink reservoir, disposed on the remote ink cartridge^ contains a second quantity of ink in 
intermittent fluid conmiunication with the primary ink reservoir. A remote ink cartridge 
memory device, di^sed on the remote ink cartridge, stores secoixl information related to 

20 characteristics of the remote ink cartridge. A printer controUer interfaces with the 
printhead, the (»inthead memory device, aixl the remote ink cartridge memory device. The 
printer controller accesses the first infixmation from the fvinthead memory device, 
accesses the secorxl information from the ink cartridge memory device, and compares the 
first information to the second infonnatiort Based on the comparison of the first 

25 information to the second information, tibe printer controller detomines the compatibility 
of the printhead cartridge and the remote ink cartridge, aixl generates control signals 
according to the compatibility of the printhead cartridge and the remote ink cartridge. 

Thus, the present invention ensures the proper operation of the inkjet printer by 
determining the conq>atibility of a printhead cartridtge and a renKyte ink cartridge, and 

30 controlling the printer accordingly. The invention determines compatibility by comparing 
each cartridge's characteristics which are stored in the memory (tevice of the reqiective 
cartridge. Since the number of characteristics that can be stored is determined by the 
capacity of the memory devices, flie present invention overccMnes the limitations of prior 
devices which forced compatibility by mechanical means. 



2 



wo Wd5695 PCT/US99/13556 

In another aspect, the invention provides another apparatus for comparing 
characteristics of an inkjet printhead cartridge with characteristics of a remote ink cartridge. 
The apparatus includes a printhead disposed on the printhead cartridge. The printhead has 
an array of nozzles, each having an ejection element for causing ink in the nozzle to be 
5 ejected from the nozzle and onto a print medium. A primary ink reservoir, disposed on the 
printhead cartridge, contains a first quantity of ink in fluid communication with the array of 
nozzles. A printhead cartridge mentory device, which stores first information related to 
characteristics of the printhead cartridge, is disposed on the printhead cartridge. A 
secondary ink reservoir, disposed on the remote ink cartridge, contains a second quantity of 

10 ink in intermittent fluid communication with the primary ink reservoir. A remote ink 
cartridge memory device, which stores second information related to characteristics of the 
remote ink cartridge, is disposed on the remote ink cartridge. A printer controller 
inter&ces with the printhead, the printhead cartridtge memory device, and a remote ink 
cartridge processor. The printer controller accesses the first information from the printhead 

15 cartridge memory device. A remote ink cartridge processor on the remote ink cartridge 
inter&ces with the remote ink cartridge memory device and the printer controller. The 
ronote ink cartridge processor accesses the Grst infonnation from the printer controller and 
accesses the second information from the remote ink cartridge memory device. The remote 
ink cartridge processor conqtares die first information to the second information, 

20 determines the conq>atibility of the printhead cartridge and the remote ink cartridge, and 
generates printer control signals according to the cmnpatibility of die printhead cartridge 
aixl the remote ink cartridge. 

In yet another aspect, the invention provides an apparatus for storing information 
relating to anx>unts of ink contained within an inkjet printhead cartridge and within a 

25 renx)te ink cartridge. The aiq>aratus includes a primary ink reservoir on the ininthead 
cartridge containing a first quantity of ink. A printhead cartridge memory device on the 
printhead cartridge stores a stored primary ink level value related to the level of the first 
quantity of ink. A secondary ink reservoir on the remote ink cartridge contains a second 
quantity of ink in intermittent fluid communication with the primary ink reservoir. A 

30 remote ink cartridge memory device on the remote ink cartridge stores a stored secondary 
ink level value related to die level of the second quantity of ink. A printer controller 
interfaces with the printhead cartridge memiory device and the remote ink cartridge 
memory device. The printer controller accesses die stored primary ink level value from die 
printhead cartridge memory device and accesses the stored secondary ink level value from 

35 the remote ink cartridge memory device. The printer controUer determines the level of the 



wo 99/65695 PCTAJS99/13556 

•> ' 

first quantity of ink based on the stored primary ink level value, detmnines the level of the 
second quantity of ink based on the stored secondaiy ink level value, and generates printer 
control signals according to the levels of the first and second quantities of ink. 

In a further aspect, the apparatus includes at least one primary ink level sensor on 
5 the primary ink reservoir. The primary ink level sensor produces a primary ink level signal 
related to the level of the first quantity of ink. A printhead cartridge ink level sensing 
circuit is electrically connected to the primary ink level sensor, and receives the primary 
ink level signal from the primary ink level sensor. The printhead cartridge ink level 
sensing circuit determines a measured level of the first quantity of ink based on the primary 

10 ink level signal, and generates a measured primary ink level value indicative of the 
measured level of the first quantity of ink. The printer controller receives the measured 
primary ink level value from the printhead cartridge ink level sensing circuit 

In another aspect of the invention^ die an^aratus iiKliides at least one secondairy ink 
level sensor on the secondary ink reservoir which (mxtuces a secondary ink level signal 

15 related to the level of the second quantity of ink. A remote ink cartridge ink level sensing 
circuit, which is electrically coimected to the at least one secondary ink level sensor 
receives the secondary ink level signal, d^ermining a measured level of the secorKl 
quantity of ink based on the secorKlary ink level signal, and generates a measured 
secoiKlary ink level value indicative of the measured level of the second quantity of ink. 

20 The printer controller receives the measured secotxlary ink level value fiom the remote ink 
cartridge ink level sensing circuit 

In a further BspccU the present invcnticm provides an ink cartridge which is 
remotely located relative to an inkjet printhead in an inkjet printer. The ink cartridge 
includes a secondary ink reservoir containing ink for use in the inkjet printer^ and a 

25 memory device which stores irifcHmation related to characteristics of tfieiiik. The reservoir 
also includes a computer processor which inter&ces with the memory device and with a 
printer controller in the inkjet printer, and vfbkh determines wh^her die ink contained 
within the reservoir is conqiatible with the printhead. 

In yet anoth^ aspect, the invoition provides a method of controlling an inkjet 

3t printer having multiple ink reservoirs siqiplying ink to a single printhead. First 
information, indicative of characteristics of a first quantity of ink, is stored in a first 
memory device. Second information, indicative of characteristics of a second quantity of 
ink, is stored in a secoixl monory device. The first memory device is accessed to retrieve 
the first information, and the second memory device is accessed to retrieve the second 

35 informatiort The characteristics of the first quantity of irik are determined based upon the 
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first infonnadoa. and the characteristics of the second quantity of ink are detenmined based 
upon the second information. The characteristics of the first quantity of ink are then 
compared with the characteristics of the second quantity of ink. The compatibility of the 
first quantity of ink with the second qiiantity of ink is determined based upon the 
s conq>arison of the characteristics of the first quantity of ink with the characteristics of the 
second quantity of ink. A printer control signal is then generated based upon the 
compatibility of the first quantity of ink with the second quantity of ink» and the printer is 
controlled in response to the printer control signal. 

In a further aspect, the invention provides a method of controlling an inkjet printer 

10 having a primaiy ink reservoir containing a first quantity of ink and a secondary ink 
reservoir containing a second quantity of ink. First information, indicative of a level of the 
first quantity of ink, is stored in a first memory device. Second infcHmation, indicative of a 
level of the second quantity of ink, is stored in a second memory device. The first memory 
device is accessed to retrieve the first information, and the second memory device is 

IS accessed to retrieve the second information. The stored level of the first quantity of ink is 
determined based iqx)n the first information, and the stored level of the secotui quantity of 
ink is determined based upon the second information. The stored level of the first quantity 
of ink is conq>ared to a first minimum value, and the stored level of the second quantity of 
ink is conq>ared to a second miniTnum vahie. Ink is transferred from die secoiKiary ink 

20 reservoir to the primary ink reservoir when the stored level of the first quantity of ink is 
less than the first minimum value. Printer operation is continued when the stored level of 
the first quantity of ink equals or exceeds the first mitiiimim value. Printer c^fwration is 
stopped and user intervention is elicited when the stored level of the second quantity of ink 
is less than the second minimum value. 

25 In yet another method of controllii^ an inkjet printer having a remote ink reservoir 

supplying ink to a printhead cartridge, a first identification number is stored in a first 
memory device on the printhead cartridge, and a second identification number is stored in a 
second memory device in the rraiote ink reservoir. The first memory device is accessed to 
retrieve the first identification numba, ^ second monory device is accesse d to 

30 retrieve ttie second identification nund>er. The first identification immber is compared to 
the second identification number, and the conq>atibility of the printhead cartridtge with the 
remote ink reservoir is detennined based upon the conqiarison of the first identification 
number to the second identification number. A printer control signal is ga»ated based 
upon the compatibility of the printhead cartridge with the route ink resCTvoir, and the 

35 printer is controlled in response to the printer control signal. 
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Brief Description of the Drawings 
Further advantages of the invention will become apparent by reference to the 
detailed description of preferred embodimmts when considered in conjunction with the 
5 drawings, which are not to scale, wherein like reference characters designate like or 
similar elements throu^out the several drawings as follows: 

Fig. 1 is a block diagram of an apparatus for transferring ink from a remote ink 
cartridge to a printhead cartridge; 

Fig. 2 is a functional block diagram of a printer control system according to a 
10 preferred embodimrat of the invention; 

Fig. 3 is a flow diagram of a process for determining compatibility between two 
ink supplies by comparing information related to the two ink supplies; 

Fig. 4 is a flow diagram of a process for determining when to transfer mk finom 
a secondary ink reservoir to a primary ink res^oir based on ink level information 
15 stored with each reservoir. 

Fig. S is a flow diagram of a process for determining when to transfix ink from a 
secondary ink reservoir to a primary ink reservoir based on ink level information stored 
with each reservoir, and based on measured ink level information from an ink level 
sensor in the primary ink reservoir, 
20 Fig. 6 is a flow diagram of a process for detomining when to transfer ink from 

a secondary ink res^oir to a primary ink reservoir based on ink level information 
stored with each reservoir, and based on measured ink level information from ink level 
sensors in each res^oir, and 

Fig. 7 is a functional block diagram of a printer control system according to an 
25 alternative embodiment of the invention. 

Detailed Descriftidn of the Invention 
Shown in Figure 1 is an inkjet i^inthead cartridge 2 having a printhead 24 which is 
composed of an array of ink ejection elements. The ejection elements are adjacent to an 
30 anay of iK>^es in the printhead 24. When current is selectively ^lied to an ejection 
element, the ejection element generates heat which boils ink in an adjacent nozzle. The ink 
is then ejected, or fired, from the nozzle onto a print medium which is adjacent to the 
printhead 24. 

The printhead cartridge 2 includes an integral primary ink reservoir 4 containing a 
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first quantity of ink that is supplied to the nozzles in the printhead 24. In a preferred 
embodiment of the invention, the printhead cartridge 2 is attached to a carriage which, 
during a printing operation, moves the printhead cartridge 2 back and forth across a print 
medium. Due to limitations on the size of the motor that drives the carriage, and 
5 limitations on the amount of power that the motor may consume, it is desirable to keep the 
weight of the printhead cartridge 2 to a minimum. Thus, the amount of ink which can be 
carried in the primary ink res^oir 4 is limited. Typically, the maximum amount of ink 
which can be stored in the primary ink reservoir 4 is considerably less than the amount of 
ink that the printhead can eject during its usable lifetime. Therefore, a renK)te secondary 
10 ink reservoir 10 containing a second quantity of ink, which is enough ink to refill the 
primary ink reservoir 4 one or more times, is provided off the carriage on a stationary 
printer structure. 

The secondary ink reservoir 10 is in fluid conununication with the input port of a 
flow control device S via an ink supply line 6. The flow control device 5 has an ou^ut port 

IS that is in fluid conmmnication with the primary ink reservoir 4 via a flexible ink su|^ly line 
7. In a preferred embodiment of the invention, the flow control device S is a pinch clamp 
which is connected to and controlled by die printer controller 36 via a flow command line 
37. The flow control device S allows ink to flow from the input port to the ou^ut port 
when it receives an enable-flow signal on the flow command line 37. It stops ink fium 

20 flowing from the input to the output port when it receives a disable-flow conunand on the 
flow conunand line 37. Thus, signals from the printer controller 36 cause the flow control 
device 5 to either allow or inhibit the flow of ink from the seccmdary ink reservoir 10 to the 
primary ink reservoir 4. 

Since the printhead cartridge 2 moves relative to the remote ink cartridge 8 and 

25 flow control device S, the ink siq^Iy lir>e 7 is constructed of a resilient material which can 
endure noany flexure cycles. The fluid connection between the output port of the flow 
control device S and the primary ink reservoir 4 may be continuous, as shown in Fig. 1, or 
intermittmt, as in a refill station. 

In the preferred embodiment of the invention, since both the printhead cartridge 2 

30 and the remote ink cartridge 8 are replaceable caitridtges, a flexible and cost-effective 
arrangement is provided for die printer usct. When a printhead 24 of a printhead cartridge 
2 has reached the end of its usable lifetime, it may be replaced by a new printheml cartridge 
2 without having to replace the remote ink cartridge 8. Similarly, when the ink in a remote 
ink cartridge 8 has bem depleted, it may be replaced by a new remote ink cartridge 8 

35 without having to replace the printhead cartridge 2. However, some ink formulations, such 
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as dye-based, are incompatible with other formulations, such as pigment-based. Therefore, 
the flexible anangement provided by replaceable printhead cartridges and replaceable 
remote ink cartridges can lead to unfortunate results if the printhead cartridge 2 contains a 
dissimilar formulation of ink fifom that provided in the remote ink cartridge 8. 
5 To avoid ink mismatches, the printhead cartridge 2 and the remote ink cartridge 8 

are provided with memory devices in which ink-specific information is stored. As shown 
in Figure 1, a printhead cartridge monory device 12 is attached to the printhead cartridge 2. 
In a preferred embodiment, the printhead cartridge memory device 12 is a prograrrmiable 
read-only memory (PROM) device which is programmed during the manufacturing of the 

to printhead cartridge 2. Alternatively, the printhead cartridge memory device 12 may be 
permanently coded when the device is originally produced (mask ROM). In other 
embodiments, described in greater detail hereinafter, the printhead cartridge monory 
device 12 may be a nonvolatile random access memory (NVRAM) device, an erasable 
programmable read-only memory (EPROM) device, or an electrically-erasable 

15 programmable read-only memory (EEPROM) device. When the [vinthead cartridge 2 is 
installed in the printer, memory locations within the printhead cartridge memory device 12 
are connected to an inter&ce cable 18 by means of a set of contacts 16 on the printhead 
cartridge 2. 

During die process of manufacturing the printhead cartridge 2, aft^ the type and 
20 color of ink to be loaded into the prindtead cartridge 2 has been determined, first 
information related to the characterisdcs of the first quantity of ink is programmed into the 
printhead cartridge memory device 12. These ink characteristics may inchide, but are not 
limited to, ink color, ink formulation, ink volume, ink manufacturing date, ink 
manufacturing lot number, ink manufacturing {dant, ink-specific printhead settings, ink 
25 spectral analysis, ink identification number, and printhead identification number. 

Also shown in Figure 1 is a ronote ink cartridge memory device 14 attached to the 
remote ink cartridge 8. In a preforred embodiment, the remote ink cartridge memory 
device 14 is a PROM device which is programmed during manufacture of the remote ink 
cartridge 8, or is a mask ROM device which is programmed during manufacture of the 
30 device. Alternatively, the remote ink cartridge ineraory device 12 is an NVRAM, EPROM, 
or EEPROM device. Memory locations within the remote ink cartridge memory device 14 
are cormected to an interface cable 22 by means of a set of contacts 20 on the remote ink 
cartridge 8 when the remote ink cartridge 8 is installed in the printer. 

During the manufacture of the remote ink cartridge 8, after the type and color of ink 
35 to be loaded into the remote ink cartridge 8 has been determined, second information 

8 
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related to the characteristics of the second quantity of ink is programmed into the remote 
ink cartridge memory device 14. As with the printbead cartridge memory device 12, the 
stored ink characteristics may include, but are not limited to, ink color, ink formulation, ink 
volume, ink manufacturing date, ink manufacturing lot nimiber, ink manufacturing plant, 
5 ink-specific printbead settings, ink spectral analysis, ink identification number, and 
reservoir identification number. 

As shown in Figure 2, a printer controller 36 has access to the printbead cartridge 
memory device 12 via the interface cable 18. The printer controller 36 also has access to 
the Tenx>te ink cartridge monory device 14 via the interface cable 22. In the preferred 

10 embodiment, the printer controller 36 performs an initial test of the printbead cartridge 
memory device 12 and the remote ink cartridge m»u>ry device 14 to verify proper 
installation of the printbead cartridge and the remote ink cartridge. If the remote ink 
cartridge 8 is not properly installed, the inter&ce cable 22 will not make electrical 
connection with the set of contacts 20 on the remote ink cartridge 8. In the preferred 

15 embodiment, if there is no electrical cormection between the mter&ce cable 22 and the set 
of contacts 20, then the printer controller 36 will read aU zero's when attempting to access 
the remote ink cartridge memory device 14. The printer controller 36 interprets all zero's 
as indicatirig an improper installation of the remote ink cartridge 8, aiKi generates a 
message notiiying the printer user of the problem. It will be ^preciated that, in an 

20 alternative embodiment, a reading of all one's could iruiicate an inqiroper in s tallati on. It 
will also be an>reciated that the same scheme is applied to check for proper installation of 
the printbead cartrid^ge 2. 

Referring now to Figure 3, the printer controller 36 performs a process to determine 
whether the seccmd quantity of ink in the remote ink cartridge 8 is conqmtible with the first 

25 quantity of ink in the printbead cartridge 2. hi a preferred embodiment of the invention, the 
printer controller 36 detenotiines compatibility, at least in part, by comparing the color of 
the second quantity of ink with the color of the first quantity of ink. 

As mentioned previously, the first stq>s in the process of Figure 3, the storage of 
the ink color information in the printbead cartridge mrniory device 12 and the remote ink 

30 cartridge meooory device 14, are performed during manufacture of these cartridges (steps 
5 1 and 52). In a preferred embodiment, ink color information is specified in RGB (red- 
green-blue) values, or CMYK (cyan-magenta-yellow-black) values. For the purposes of 
this description, a 24-bit RGB color specification schone will be assumed. To acode a 
particular color in the memory devices, each color is described as a mixture of primary 

35 colors red, green, and blue. The intensity of each of the primary colors is specified by an 8- 
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bit value which provides for 256 (2*) intensity levels for each priniary color. Thus, in the 
preferred embodiment, a 24-bit color word is stored in the printhead cartridge memory 
device 12 and the remote ink cartridge memory device 14. 

With continued reference to Figure 3, when the printhead cartridge 2 and the 
5 remote ink cartridge 8 are installed (step 54) and the printer is tuined on (step 56), or when 
either cartridge is installed after the printer is turned on, or when a refill operation is 
initiated, the printo- controller 36 accesses the printhead cartridge mCTK)ry device 12« reads 
the 24-bit color word stored therein, and detennines the color that is specified by the color 
word (step 58). For exany)le, the printer controller 36 of the preferred embodimoit 

10 determines the intensity values for each of the three primary colors based on the color 
word. In similar fashion, the printer controller 36 accesses the remote ink cartridge 
memory device 14, reads the 24-bit color word stored therein, and detennines the intensity 
values for each of the three primary colors (step 60). 

The printer controller 36 then compares the intensity values for similar primary 

15 colors (step 62): the red intensity value ftom the printhead cartridge color word is 
compared to the red intensity value fiom the remote ink cartridge color word; the green 
intensity value horn the printhead cartridge color word is compared to the green intensity 
value from the remote ink cartridge color word; and the blue intensity value ftom the 
printhead cartridge color word is compared to the blue intensity value from the remote ink 

20 cartridge color word. Based on these comparisons, intensity difiference values are 
determined for each primary color. If any intensity difTerence value is nonzero, then the 
color ccMnparison did not pass at step 64. For exaiiq>le, if the red intensity value from the 
printhead cartridge color word is 124, and Ae red intensity value from the remote ink 
cartridge color word is 128, then the red intensity diffwence value is four (128-124), and 

25 the process continues at step 70. 

If the intensity difference value is itonzero, the printer controller 36 determines at 
step 70 whetiier or not the mtensity diffidence values for each primary color are substantial. 
If the intensity difference values for one or more of the primary colors are substantial, then 
allowing ink firom the remote ink cartridge 8 to mix with ink in the printhead cartridge 2 

30 could result in inaccurate color rqnoduction. Continuing with the previous example, the 
printer controller 36 compares the red intensity difference value, four, to a maxi mum 
difference threshold, say six. Since four is less than the threshold value, the intensity 
difference is deemed insubstantial and the color comparison passes at step 70. If the other 
two primary color intensity difference values are also below their thresholds (w^ch may or 

35 may not be die same as the red threshold), dien the printer controller 36 notifies user 
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that an insubstantial color mismatch exists, and inquires whether the user wishes to proceed 
(step 72). If the user rejects the mismatched colors, then printing operations stop and the 
user is pronq)ted to replace the incompatible remote ink cartridge 8 (step 75). 

If any of the primary color int^ity difference values exceed their respective 
5 thresholds at step 70, then the color difference is deemed substantial. In this case, printing 
operations stop and the user is prompted to replace the incompatible remote ink cartridge 8 
(step 75). 

If the intensity difiference values are zero at step 64, the process enters an idle state 
(step 65) and awaits the initiation of an ink transfer (step 66) while other printer operations 
continue. 

In addition to checking color compatibility, the printer controller 36 of the 
preferred embodiment also checks the compatibility of the formulations of ink in the 
printhead cartridge 2 and the ronote ink cartridge 8. Examples of differing ink 
formulations include dye-based and pigment-based formulations, and formulations using 
magnetic particles for magnetic ink character recognition (MICR) an>lications. With 
continued reference to Figure 3, the first steps in this process, the storage of the ink 
formulation information in the memory devices 12 and 14 (steps 51 and 52), take place 
during manu&cture of the printhead cartridge 2 and the remote ink cartridtge 8. In the 
preferred embodiment, a unique identification number is assigned to each ink formuIatiorL 
When the printhead cartridge 2 is manufactured, an ink formulation identification number 
corresponding to the formulation of the first quantity of ink is written into the printhead 
cartridge memory device 12 (step 51). Similarly, when the remote ink caitridlge 8 is 
mami&ctured, an ink fomulation identification number corresponding to the formulation 
of the second quantity of ink is written into the remote ink cartridge memory device 14 
(step 52). When the printer is turned on, or when a printhead cartridge 2 or a remote ink 
cartridge 8 is installed aft^ the printer is turned on, or when a refill operation is initiated, 
the printer controller 36 accesses the printhead cartridge memory device 12 and reads the 
ink formulation idoitification nund>er stored therein (step 58). In similar fashion, the 
printer controller 36 accesses the remote ink cartridge memory device 14 and reads its ink 
formulation identification number (step 60). The printer controller 36 thai compares ttie 
printhead cartridge ink formulation identification ntmiber to the remote ink cartridge ink 
formulation identification number (step 62). If the printer controller 36 determines that 
these numbers match (stq) 64), then the printer controller 36 goierates a signal to cause the 
process to enter an idle state (step 65). The process remains in the idle state until the 
printer controller 36 initiates an ink transfer operation (step 66). However, if the ink 

11 
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formulation identification numbers do not match, then the printer controller 36 generates a 
signal to stop the printer operation (dashed line to step 75). In this situation, the printer 
controller 36 also generates a message notifying the user that there is an incompatibility 
betwera the ink formulations, and requesting user assistance. 
5 In an alternative preferred embodiment, an ink identification number is assigned to 

a particular ink. The ink identification number indicates several characteristics of the ink, 
including, but not limited to, color, formulation, lot number, manufacturer, manufacturing 
date, and special original equipment manu&cturer (OEM) requirements. Again referring to 
Fig. 3, the ink identification number is stored in the remote ink cartridge manory device 14 

10 during manufacture of the remote ink cartridge 8 (step 52). A prinlhead cartridge 
identification luunber/is stored in the prinlhead cartridge memory device 12 (step 51). 
When the printer is turned on, or when a printhead cartridge 2 or a remote ink cartridge 8 is 
installed after the printer is turned on, the printer controller 36 accesses the printhead 
cartridge memory device 12 (step 58), accesses the remote ink cartridge memory device 14 

15 (step 60), and reads the printhead cartridge identification number and the ink idmtification 
numbers, rc^jectively. The printer controller 36 then compares the ink identification 
number against a list of con^katible ink idratification numbers for the particular printhead 
cartridge as indicated by the printhead cartridge identification number (step 62). 
Preferably, the list of ink identification numbers that are compatible with each type of 

20 printhead cartridge is contained within a lookup table implemrated in printer driver 
software which controls the operation of the prints controller 36. If the printer ccmtroUer 
36 determines, based on the ink identification number, that the scccmd quantity of ink in the 
remote ink cartridge 8 is compatible with the printfiead cartridge 2 (step 64), then the 
printer controller 36 genoates a signal to cause the process to enter an idle state (step 65). 

25 The process remains in the idle state until the printer controller initiates an ink transfer 
operation (step 66). However, if ttiere is a mismatch at step 64, then the printer controller 
36 generates a signal to stop the printer operation (dashed line to stq> 75), and a message 
notifying the user that the printhead 24 is inconq>atible between the printhead 24 and the 
ink in the remote ink reservoir 10. 

30 For some applications, it may be necessary to match a particular printhead cartridge 

2 to a particular remote ink cartridge 8 at the installation of each into an inkjet printer, and 
to force the pair to remain together throughout the intrinsic lifetime of each. In this 
situation, it is desirable to assign a unique identification rmmber to the pair, and store this 
number within the memory devices 12 and 14 of each component In this manner, the 

35 printer controller 36 can compare the stored identification numbers to v^ify a match. 
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With continued reference to Figure 3» during manufacture of the printhead cartridge 
2, an identification number, such as a four-byte value, is generated that is unique to the 
particular printhead cartridge 2. Since the value of this number has no independent 
significance, it may be generated by a random number generator. However, to maintain 
5 uniqueness, the assigned number should be one which has not been previously assigned. 
The selected number is assigned as the printhead cartridge identification number, and is 
stored in the printhead cartridge memory device 12, which is a ROM, PROM, NVRAM, 
EPROM. or EEPROM device (step 51). The same number is assigned as the remote ink 
cartridge identification number, and is copied to the remote ink cartridge memory device 

10 14, which is also a PROM, NVRAM, EPROM, or EEPROM device (step 52). 

When a new printhead cartridge/remote ink cartridge pair has beoi installed in a 
printer, when power is turned on, or when a refill operation is initiated, the printer 
controller 36 accesses the printhead cartridge memoty device 12 and reads the printhead 
cartridge identification number (stq> 58). The printer controller 36 also accesses the 

15 remote ink cartridge memory device 14 and reads the remote ink cartridge identification 
number (step 60). The printer controDer 36 then compares the printhead cartridge 
identification number to the remote ink cartridge identification number (step 62). If the 
printer controller 36 determines that these numbers match (step 64), then the printer 
controller 36 generates a signal to cause the process to enter an idle state (stq> 65). The 

20 process remains in the idle state until the printer controller 36 initiates an ink transfer 
operation (stq> 66). However, if &e printer controller 36 determines that the cartridge 
identification numbm do not match (step 64), then Ae printer controUor 36 generates a 
signal to stop the printer operation (dashed line to step 75). In this situation, the printer 
controller 36 also generates a message notifying the user that there is an incoDa|>atibility 

25 between the printhead cartridge 2 and the remote ink cartrid{ge 8. 

In an alternative embodiment, the present invention is used to keep track of the 
level of ink icmaining in the primary ink reservoir 4 and the secondary ink reservoir 10. 
As shown in Figure 4 at 81, when the primary ink reservoir 4 is filled with ink during 
manufacture, a stored primary ink level vahie, representing the initial level of ink in the 

30 primary ink reservoir 4, is stored in the printhead cartridge manory device 12. The 
printhead cartridge memory device 12 of this embodiment is eiAw an EEPROM or 
NVRAM device which can be updated while the prindiead cartridge 2 is instaUed in the 
printer. Similarly, a stored secondary ink level value represttting the initial level of ink in 
the secondary ink reservoir 10 is stored in the ink cartridge memory device 14 (step 82), 

35 which is also either an EEPROM or NVRAM device. Preferably, the primary and 

13 
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secondary ink level values are ink drop count values which indicate the number of ink 
drops that can be fired from the printhead given the quantity of ink remaining in the 
respective reservoir. 

After the remote ink cartridge 8 and the printhead cartridge 2 have been installed in 
$ the printer (step 84) and the printer power is turned on (step 86), the printer controller 36 
accesses the printhead cartridge memory device 12 to retrieve the primary drop count (step 
88). The printer controller 36 then conq>ares the primary drop count to a minimum 
threshold level (step 90). This threshold level represents the amount of mk required to 
cany out the requested printing task, such as the fninting of a page of text. If the primary 

10 drop count is greater than the threshold levels then the process enters an idle state (step 91) 
during which the printer controller 36 awaits a print request. When a print request is 
received, the printer controller 36 commands the printer to perfonm the pending printing 
task, such as printing the page of text (step 92). After complettcm of the printing task, the 
printer controller 36 calculates a new primary drop count value and stores the new value in 

IS the printhead cartridge memory device 12 (step 94), In the prefmed embodiment, this new 
primary drop count vahie is calculated by subtracting the number of drops fired in the just- 
completed printing task from the primary drop count value that was retrieved from the 
printhead cartridge memory device 12 just ]Hior to performing the imntiiig task. In this 
marmer, a nirming count of the available ink drops in the primary ink resovoir 4 is 

20 maintained in the printhead cartridge memory device 12 for the lifetime of die printhead 
cartridge 2. If the printhead cartridlge 2 is moved from one printer to another, the 
remaining ink level informaticm travels with it 

With continued reference to Fig. 4, if the printer controller 36 determiites at step 90 
that the primary drop count is less than the threshold levels then the printer controller 36 

25 accesses the remote ink cartridge memory device 14 axKi retrieves ttie secondary drop count 
(step 100). If the secondary drop count indicates that the secondary ink level is low (step 
102), then Ae printer controller stops the printer operation (step 103) and generates a 
message requesting user assistance, such as the rq>lacement of the remote ink caitiidge 8. 
If the secondary drop count indicates that the secorulary ink level is not low, then ink is 

M transferred from Ae secondary ink reservoir 10 to the primary ink resovoir 4 (step 104). 
The transfer of ink continues for a fixed period of time, such as 30 seconds in the preferred 
embodiment This transfer time period is determined by the ratio of the volume of the 
primary ink reservoir 4 to the rate of ink flow from the secondary ink reservoir 10 to the 
primary ink reservoir 4. Aftw die ink transfer is completed, the prints controller 36 

35 calculates a new secornlary drop count value and stores the new value in the remote ink 
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cartridge memory device 14 (step 106). In the preferred embodiment, this new secondary 
drop count value is calculated by subtracting the number of just-transferred drops from the 
secondary drop count value that was retrieved from the remote ink cartridge memory 
device 14 at step 100. In this manner, a running count of the available ink drops in the 
5 secondary ink reservoir 10 is maintained in the remote ink cartridge memory device 14 for 
the lifetime of the remote ink cartridge 8. As the remote ink cartridge 8 is moved from one 
printer to another, the remaining ink level information travels with it. 

The printer controller 36 also updates the primary drop count after the ink transfer 
by calculating a new primary drop count value and storing the new value in the printhead 
10 cartridge memory device 12 (step 108). The new primary drop count value is calculated by 
adding the number of just-transferred drops to the primary drop count value that was 
i^eved fiom the printhead cartridge memory device 12 at step 90. After updating the 
secondary and primary drop count values (steps 106 and 108), the process is rq^eated 
begirming at step 88. 

,5 In yet another embodiment of the invention, as shown in Figures 1 and 2, the 

printhead cartridge 2 includes integral primary ink level sensors 30a and 30b. These 
primary ink level sensors 30a and 30b produce a primary ink level signal related to the 
level of the first quantity of ink in the primary ink reservoir 4. In a preferred embodiment, 
the primary ink level signal is pn^rtional to the electrical capacitance between &e sensors 

20 30a and 30b. The sensors 30a and 30b are connected to a prinAead cartridge ink level 
sensing circuit 32 via an interfece cable 3 1 . The ink level sensing circuit 32 determines the 
level of ink remaining in the primary ink reservoir 4 based on the primary ink level signal, 
and sends a measured primary ink level value to the printer contndler 36. 

With continued reference to Figs. I and 2, the remote ink cartridge 8 also includes 

25 secondary ink level sensors 28a-28e. The secondary ink level sensors 28ar28e produce a 
secondary ink level signal related to the level of the second quantity of ink in the secondary 
ink reservoir 10, In a preferred embodiment, the secoiKlary ink level signal is proportion 
to the electrical capacitance between the sensors 28a-28e. The sensors 28a-28e are 
connected to a r«note ink cartridge ink level sensing circuit 34 via an inter&ce cable 29. 

30 The ink level sensing circuit 34 detennines the level of ink renmining in die secondary ink 
resenroir 10 based on the secondary ink level signal, and sends a measured secondary ink 
level value to the printer controller 36. 

It will be qjpreciated that the ink level in ciflier resCTvoir could be measured based 
upon resistance instead of capacitance, or based upon otho* techniques such as 

35 measuranent of ink weight or volume. It will furthCT be sqypreciated that fewer or more ink 
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level sensors could be used, the number of sensors afTecting only the resolution of the 
measurement 

Fig. 5 shows a process which uses the stored primary ink level value residing in the 
printhead cartridge memory device 12 to determine the proper time to refill the primary ink 

5 reservoir 4, and which uses the primary ink level sensors 30a and 30b to determine when 
the refill is coiH)lete. As shown in Fig. 5 at 1 1 1, when the primary ink reservoir 4 is filled 
with ink during manufacture, the stored primary ink level value, representing the initial 
level of ink in the primary ink reservoir 4, is written to the printhead cartridge memory 
device 12. Similarly, the stored secondary ink level value representing the initial level of 

10 ink in the secondary ink reservoir 10 is written to the remote ink cartridge memory device 
14 (step 1 12). In the preferred embodiment, the stored primary and secondary ink level 
values are primary and secondary ink drop count values. After the remote ink cartridge 8 
and the printhead cartridge 2 have been installed in the printer (stq> 1 14) and the printer 
power is turned on (step 1 16), the printer controller 36 accesses the printhead cartridge 

15 memory device 12 to retrieve the primary drop count value (step 118), and compares the 
primary drop count value to a first minimum threshold level (step 120). This threshold 
level represents the amotmt of ink required to carry out the requested printing task, such as 
the printing of a page of text If the primary drop count value is greater than the first 
minimum threshold level, then the process enters an idle state (step 121) during which the 

20 printer controller 36 awaits a print request. When a print request is received, the printer 
controller 36 commands the printer to perfonn the pending printing task, such as printing 
the page of text (stq> 122). After completion of the printing task, the printer controller 36 
calculates a new primary drop count value and stores the new value in the printhead 
cartridge memory device 12 (step 124). In the preferred embodiment, this new primary 

25 drop count vahie is calculated by subtracting the number of drops fired in the just- 
conqil^ed printing task from die primary dn^ count value that was retrieved from the 
printhead cartridge memory device 12 just prior to performing the printing task. In this 
manner, a running count of the available ink drops in Ae primary ink reservoir 4 is 
maintained in die prindiead cartridge memory device 12 for die lifetime of die prindiead 

30 cartridge 2. If the printhead cartridge 2 is moved from one printer to another, die 
remaining ink level infonnation travels with it 

Widi continued reference to Fig. 5, if die printer controller 36 determines at step 
120 diat the primary drop count value is less than the first minimum threshold level, dira 
die printer controller 36 accesses die remote ink cartridge memory device 14 and retrieves 

35 die secondary drop count value (step 130). If die secondary drop count value is less dian a 



wo 99/65695 PCTAJS99/13556 

second minimum threshold (step 132), then the printer controller stops the printer operation 
(step 133) and generates a message requesting user assistance, such as the replacement of 
the remote ink cartridge 8. If the secondaiy drop count value is greater than the second 
minimum threshold (step 132), the printer controller 36 sends an enable- flow signal over 
5 the flow command line 37 to the flow control device S, and ink is transferred from the 
secondaiy ink reservoir 1 0 to the primary ink reservoir 4 (step 134). 

During the ink transfer, the printer controller 36 receives the measured primary ink 
level value from the printtiead cartridge ink level sensing circuit 32 indicating the measured 
level of ink in the primary ink reservoir 4 (step 136). As described above, the measured 

10 primary ink level value is based upon the level of ink measured by the primary ink level 
sensors 30a and 30b, and is independent of the drop count value stored in the printhead 
cartridge memory device 12. If the measured primary ink level value indicates that the 
primary ink reservoir 4 is not yet full (step 138), then the printer controller 36 waits for a 
predetermined time period (step 140), such as one second, while ink continues to transfer 

IS from the secondary ink reservoir 10 to the primary ink reservoir 4 (step 134). 

If, after the wait period, the measured primary ink level value indicates that the ink 
level in the primary ink reservoir 4 has increased conqiared to the most recent previous 
measurement (step 136), but the res^oir 4 is not yet fiill (step 138), tfien the loop 
continues (steps 134-136-138-140). However, if the measured primary ink level value 

20 indicates that the reservoir 4 is not full, and the ink level in the resovoir 4 has not increased 
con^Kired to the most recent previous measurement (step 136), then the secondary ink 
reservoir 10 is assumed to be empty. In this situatiofi, printer amtndler 36 sets the 
secondaiy drop count value in Ae remote ink cartridge memory device 14 to zero (step 
142). The printer controller 36 then con^ares the primary drop count value to the first 

25 tnmiinum threshold level {step 143). If die primary drop count value is greater than the 
first minimum threshold level, dien the process returns to the idle state at stq> 121. If the 
primary drop count value is less than the first minimum threshold level, then the printer 
controUCT 36 stops printer operations (step 144) and generates a message indicating that 
user intervention is required, such as replacement of the remote ink cartridge 8. 

30 With contimied reference to Fig. S, if the measured primary ink level value 

indicates that tbe primary ink reservoir 4 is fiill (stq> 138), then the printer controller 36 
sends a disable-flow signal to the flow control device S to stop the transfer of ink (stq> 
145). The secondary drop cwnt value (stored in the ink cartridge memory device 14) is 
then updated to indicate the remaining level of ink in the secondary ink resmroir 10 after 

35 the completion of the ink transfer (step 146). In the preferred embodiment, this new 
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secondary drop count value is calculated by subtracting the number of just-transferred 
drops from the secondary drop count value that was retrieved from the remote ink cartridge 
memory device 14 at step 130. The prints controller 36 also updates the primary drop 
count stored in the printhead cartridge memory device 12 to a value indicating a lull 
5 reservoir (step 148), After updating the secondary and primary drop count values (steps 
146 arK] 148), the process is repeated begiiming at step 1 1 8. 

In an alternative embodiment of the invention, the printhead cartridge memory 
device 12, and the remote ink cartridge memory device 14 provide means for determining 
the integrity of measurements produced by integrated ink level sensors such as those 
10 described above. Referring now to Fig. 6, when the primary ink reservoir 4 is filled with 
ink during manufacture, the stored primary ink level value, such as the primary drop count 
value rq>resenting the initial level of ink in the primary ink reservoir 4, is written to the 
printhead cartridge memory device 12 {step I Sl). Similarly, a stored secondary ink level 
value, such as the secondary drop count value representing the initial level of ink in the 
15 secondary ink reservoir 10, is written to the remote ink cartridge m^bry device 14 (step 
152). After the rranote ink cartridge 8 and the printhead cartridge 2 have been installed in 
the printer (step 154) arxi the printer power is turned on (step 156), the printer controller 36 
accesses the printhead cartridge monory device 12 to retrieve the stored primary ink level 
value (stq> 158). The printer controUo' 36 also receives the measured primary ink level 
20 vahie from die ink level sensing circuit 32 '"^^^"g the level of ink in the primary ink 
reservoir as sensed by die primary ink level sensors 30a-30b. The printer controller 36 then 
compares the measured primary ink level vahie to the stored piimaiy ink level value (step 
160). If the primary ink level sensors 30a-30b are functioning properiy, and the correct 
stored primary ink level vahie was written to the print cartridge memory device 12 at step 
25 151, th^ the two ink level values will match. If these ink level values do not match, thm 
either one or more primary ink level sensors 30a-30b have failed, or an inaccurate primary 
ink level value was stored If the printer controller 36 determiiies that the two ink level 
values dififer by a significant amount (step 162), then the printer controller 36 generates a 
system fauh message indicating to the user that service is required (step 163). At this 
30 point, the user does not have enougji information to know which ink level value is correct, 
and fiirtiier diagnosis of the problem is required. 

If the printer controller 36 determines that the two ink level vahies match, then the 
printer controller 36 compares the primary drop count value to a first minimum threshold 
level (step 1 64). This threshold level represents the amount of ink required to carry out the 
35 requested printing task, such as the printing of a page of text. If the primary drop count 
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value is greater than the first minimum threshold level, then the process enters an idle state 
(step 165) during which the printer controller 36 awaits a print request When a print 
request is received, the printer controller 36 commands the printer to perform the pending 
printing task, such as printing the page of text (step 166). After conq)letion of the printing 

5 task, the printCT controller 36 calculates a new primary drop count vahie and stores the new 
value in the printhead cartridge memory device 12 (step 168). In the preferred 
eoobodiment, this new primary drop count value is cakulated by subtracting the number of 
drops fired in the just-complied printing task fit)m the primary drop count value that was 
retrieved from the printhead cartridge memoiy device 12 just prior to perfonning the 

10 printing task. After updating the primary drop count value (step 168), the process is 
repeated beginning at step 158. 

With continued reference to Fig. 6, if the printer controller 36 determines at step 
164 that the primary drop count value is less than the first minimum threshold level, then 
the printer controller 36 accesses the remote ink cartridge memory device 14 and retrieves 

15 the secondary drop count value (step 170). The printo- controller 36 also receives the 
measured secondary ink level value from the ink level sensing circuit 34 indicating the 
level of ink in the secondary ink reservoir 10 as sensed by the secondary ink level sensors 
28a-28e. The printer controller 36 then compares the measured secondary ink level value 
to the stored secondary ink level value (step 172). If the secondary ink level sensors 28a- 

20 28e are functioning prc^>criy, and the correct secondary ink level value was written to the 
remote ink cartridge memory device 14 at step 152, then flic two ink level values will 
match. If fliesc ink level vahies do not match, fliendfliBr one or nmre second 
sensors 28a-28e have failed, or an inaccurate secondary ink level value was stored. If flie 
printer controller 36 determines that flie two ink level values differ by a significant amount 

25 (step 1 74), then the printer controller 36 gaierates a system fault message indicating to flie 
user ttiat service is required (step 175). At fliis point, flie user does not have enough 
information to know which ink level vahie is correct, and fiirthcr diagnosis of flie problem 
is required. 

If flie printer controller 36 detamines at step 174 fliat flic two ink level values 
30 match, flien flie printer controller 36 compares flie secondary drop count value to tfie 
second minimum flneshold level (step 176). If flie secondary drop count value is less flian 
flie second minimum fliresbold level, flira flic printer controUer 36 stops flie printer 
operation (step 177) and generates a message requesting user assistance, such as flie 
replacement offlierwnote ink cartridge 8. If flie secondary drop count value is greater than 
35 flie second minimum flireshold level, flien flie printer controller 36 sends an enable-flow 
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signal to the flow control device S, and ink is transferred from the secondary ink reservoir 
10 to the primary ink reservoir 4 (step 1 78)/ 

During the ink transfer^ the printer controUer 36 receives the measured primary ink 
level value from the printhead cartridge ink level sensing circuit 32 indicating the measured 
5 level of ink in the primary ink res^oir 4 (step 180). If, the measured primary ink level 
value indicates that the primary ink reservoir 4 is not yet full (stq> 182), then the printer 
controUo' 36 waits a predetermined time period (step 184), such as one second, while ink 
continues to transfer from the secondary ink reservoir 10 to the primary ink reservoir 4 
(step 178). 

to If, after the wait period, the measured primary ink level value indicates that the ink 

level in the primary ink reservoir 4 has increased compared to the most recent previous 
measuremfflt (step 180), but the resenroir 4 is not yet full (step 182), then the loop 
continues (steps 178-180-182-184). However, if the measured primary ink level value 
indicates that the reservoir 4 is not fiiU, and the ink level in the reservoir 4 has not increased 

15 conq>ared to the most recent previous measurement (step 180), then the printer controller 
36 checks the measured secondary ink level value from the seconcbiy reservoir ink level 
sensing circuit 34 to determine whether the secondary ink reservoir 1 0 is empty (step 1 86). 

If the measured secondary ink level value indicates that the reservoir 10 is empty 
(step 186), then the printer controUo- 36 sets the secondary drop count value in the remote 

20 ink cartridge memory device 14 to zero (step 188). The printer controller 36 then compares 
the primary drop count vahie to the first minimum threshold level (step 190). If the 
primary drop count value is greater than the first minimimi threshold level, then the pfocess 
returns to the idle state at siep 16S. If the primary drop count value is less than the first 
mmitniim threshold level, then the printer controller 36 stops printer operations (step 189) 

25 and generates a message iriffirflHtig user intervention is required, such as replacement 
of the remote ink cartridge 8. Howevo^, if the measured secondary ink level vahie indicates 
that the reservoir 10 is not enq>ty (stq> 186), then the printer controller 36 generates a 
message indicating to the user that Aere has either been a failure of one or more secondary 
ink level sensors 28a-28e or that there has been a refill &ihire, and that service is required 

30 (step 187). 

With continued refemice to Fig. 6, if the measured primary ink level vahie 
indicates that the primary ink reservoir 4 is fiiU (step 182), then the printo control!^ 36 
sends a disable-flow signal to the flow control device S to stop the transfer of ink (step 
192). The secondary drop count value (stored in the ink cartridge memory device 14) is 
35 then updated to indicate the remaining level of ink in the secondary ink reservoir 10 after 
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the completion of the ink transfer (step 194). In the preferred embodiment, this new 
secondary drop count value is calculated by subtracting the number of just-transferred 
drops from the secondary drop count value that was retrieved from the remote ink cartridge 
memory device 14 at step 170. The printer controller 36 also updates the primary drop 
count value stored in the printhead cartridge memory device 12 to a value indicating a full 
reservoir (step 196). After updating the secondary and primary drop count values (steps 
194 and 196), the process is repeated beginning at step 158. 

In an alternative embodiment as shown in Figure 7, the remote ink cartridge 8 
includes a computer processor 3S between the printer controller 36 and the ink cartridge 
memory device IS. The monory device IS of this embodiment is preferably a NVRAM 
device. Alternatively, the processor 3S and a EEPROM memory device IS are integrated 
into a single package, such as a device manufactured by Toshiba having a noodel number of 
TMP47E186M. In either case, die processor 35 executes software instructions which 
implement any or all of the previously described methods (summarized in Figs. 3, 4, 5, and 
6) for checking compatibility between the remote ink cartridge 8 and the printhead 
cartridge 2, for tracking the ink levels in the primary and secondary ink reservoirs 4 and 10, 
and for conq)aring ink levels determined by drop count values to ink levels determined by 
sensor measurements. Since these m^hods are performed by software stored within the 
ink cartridge processor 35 instead of within the printer controller 36, driver software in the 
printer controller 36 need not be changed for each new ink color or foriiiulatioa» or for ink 
cartridge design changes. This embodiment has the further advantage of protecting the 
NVRAM memory device 15 from qnirious write cycles from the pnnicr ccmtroUer 36. 

Although the ink level soising circuit 34 shown in Figs. 2 and 7 is separate from 
the remote ink cartridge 8, it will be appreciated that the sensing circuit 34 could be 
integrated with die remote ink cartridge 8. In the latter configuration, the measured 
secondary ink level value from the sensing circuit 34 is sent to the ink cartridge 
microprocessor 35 instead of to the printer controller 36. 

It is contenqilated, and will be apparat to those skilled in the art from the 
preceding description and the acconqianying drawings diat modifications and additions 
may be made in the embodiments of the invention. Accordingly, it is expressly intended 
that die foregoing description and the accompanying drawiiigs are illustrative of prefored 
embodiments only, not limiting tfaoeto, and that the spirit and scope of the invention be 
determined by reference to the foUowing claims. 
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Claims 

1. An q>paratus for comparing characteristics of an inkjet printhead cartridge with 
characteristics of a remote ink cartridge, the apparatus comprising: 
a printtead disposed on the printhead cartridge, the printhead having an array of 
nozzles, each nozzle having an ejection elonent for causing ink in the 
5 nozzle to be ejected from the nozzle and onto a print medium; 

a primary ink reservoir disposed on die inkjet printhead cartridge, the primary ink 
reservoir containing a first quantity of ink in fluid communication with the 
array of nozzles; 

a printhead cartridge memory device which stores first information related to 
10 characteristics of the printhead cartridge, the printhead meihory device 

disposed on the inkjet printhead cartridge; 
a secondary ink reservoir disposed on the remote ink cartridge, the secondary ink 

reservoir containing a second quantity of ink in intermittent fluid 

conmmnication with the primary ink reservoir; 
15 a remote ink cartridge memory device vAkh stores second information related to 

characteristics of the remote ink cartridge the remote ink cartridge memory 

device disposed on the remote ink cartridge; and 
a prixiter ccmtioUer that interfaces al least with the printhead, the printhead cartridge 

memory device, and the ronote ink cartridge memory device, that accesses 
2Q the first information fit>m the printhead cartridge noemory device, that 

accesses the second informatira from the remote ink cartridge memory 

device, that compares the first information to the second information, that 

determines the compatibility of the printhead cartridge and the remote ink 

cartridge, and that generates printer omtrol signals accorduig to the 
25 cornpatibilityofthe printhead cartridge and the remote irik cartridge. 



2. The apparatus of Claim 1 v/bemn: 

the first information is fiutber related to characteristics of Ae first quantity of ink; 
die second information is fiutiier related to characteristics of the second quantity of 
ink; and 
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5 the prints controller determines the coiiq)atibility of the printhead cartridge and the 

remote ink cartridge by determining the compatibility of the first quantity 
of ink and the second quantity of ink, and generates printer control signals 
according to the compatibility of the of the first quantity of ink and the 
second quantity of ink. 

Id 

3. The apparatus of Claim 1 wherein the printhead cartridge memory device is 
selected from the gro^ consisting of read-only memory (ROM), programmable 
read-only memory (PROM), erasable programmable read-only memory (EPROM), 
electrically-erasable programmable read-only memory (EEPROM), and non- 

5 volatile randoni^access memory (NVRAM) devices. 

4. The apparatus of Claim 1 wherein the ink cartridge memory device is selected from 
the group consisting of read-only memory (ROM)> programmable read-only 
memory (PROM), erasable programmable read-only memory (EPROM), 
electrically-erasable programmable read-only memory (EEPROM), and rx)n- 

5 volatile raiKlom-access memory (NVRAM) devices. 

5. An apparatus for c(mq>aring characteristics of an inkjet printhead cartridge with 
characteristics of a remote ink cartridge, the apparatus comprising: 

a printhead disposed on the inlget printhead cartridge, the printhead having an array 
of nozzles, each nozzle having an ejection element for causing ink in the 
5 nozzle to be ejected from the nozzle and onto a print medium; 

a primary ink reservoir diqx>sed on die inlget printhead cartridge, the primary ink 
res^oir containing a first quantity of ink in fluid communication with the 
array of nozzles; 

a printhead cartridge memory device which stores first information related to 
10 characteristics of the first quantity of ink, the printhead cartridge memory 

device selected from the group consisting of read-only memory (ROM), 
electrically-erasable programmable read-oidy memory (EEPROM), and 
non-volatile randon>-access memory (NVRAM) devices, Ae printhead 
cartridge memory device disposed on the inlg^ printhead cartridge; 
IS a secotKiary ink reservoir disposed on the remote ink cartridge, the secondary ink 

reservoir containing a second quantity of ink in intermittent fluid 
communication with the primary ink reservoir; 
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a remote ink cartridge memory device which stores secoiid information related to 
characteristics of the second quantity of ink, the remote ink cartridge 
memory device selected from the group consisting of read-only memory 
(ROM), electrically-erasable progratrunable read-only memory (EEPROM), 
and non-volatile random-access memory (NVRAM) devices, the remote ink 
cartridge memory device disposed on the remote ink cartridge; and 
a printer controller that inter&ces at least with die printbead, the printhead cartridge 
memory device and the remote ink cartridge memory device, that accesses 
the first information from the printhead cartridge memory device, that 
accesses the second information from the remote ink cartridlge memory 
device, that compares the first information to the second information, that 
determines the conq>atibiIity of the first quantity , of ink and the second 
quantity of ink, and that generates printer control signals according to the 
conq>atibility of the first quantity of ink and the second quantity of ink. 

6. An ^paratus for comparing characteristics of an inkjet printhead cartridge with 
characteristics of a remote ink cartridge, the £v>paratus comprising: 
a prindiead di^>osed on die printhead cartridge, the printhead having an array of 
nozzles^ each nozzle having an ejection elonmt for causing ink in the 
5 nozzle to be ejected fiom the nozzle and onto a print medium; 

a primary ink reservoir disposed on the printhead cartridge, the primary ink 
reservoir crataining a first quantity of ink in fluid communication with the 
array of nozzles; 

a printhead cartridge memory device which stores first information related to 
10 characteristics of the printhead cartridge, the printhead cartridge memory 

device disposed on the printhead cartridge; 
a secondary ink reservoir disposed on the remote ink cartridge, the secondary ink 
reservoir containing a second quantity of ink in intermittent fluid 
communication with the primary ink reservoir; 
15 a remote ink cartridge memory device which stores second information related to 

characteristics of the remote ink cartridge, the ronote ink cartridge memory 
device disposed on the remote ink cartrid^; 
a printer controller that interfaces at least with tfie printhead, the printhead cartridge 
monory device, and a remote ink cartridge processor, and that accesses the 
20 first information from the printhead cartridge monory device; and 
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a remote ink cartridge processor disposed on the remote ink cartridge that interfaces 
at least with the remote ink cartridge memory device and the printer 
controller, that accesses the first information from the printer controller^ 
that accesses the second information from the remote ink cartridge memory 
25 device, that compares the first information to the second information^ that 

determines the compatibility of the printhead cartridge and the remote ink 
cartridge, and that generates printer control signals according to the 
co0q>atibility of the printhead cartridge and the remote ink cartridge. 

7. The ^paratus of Claim 6 wherein: 

the first information is further related to characteristics of the first quantity of ink; 
the second information is further related to characteristics of the second quantity of 
ink; and 

5 the remote ink cartridge processor detennines the compatibility of the printhead 

cartridge and the remote ink cartridge by determining the compatibility of 
the first quantity of ink and the second quantity of ink, and generates 
printer control signals according to the compatibility of the of the first 
quantity of ink aixl the secoixl quantity of ink. 

10 

8. The apparatus of Claim 6 wherein the printhead cartridge memory device is 
selected from Ae group consisting of read^mly memory (ROM)» progranm&able 
read-only memory (PROM), erasable progranmiable read-only memory (EPROM), 
electrically-efasable programmable rcadronly memory (EEPROM), and non- 

s volatile random-access mranory (NVRAM) devices. 

9. The ^yparatus of Claim 6 ^non the remote ink cartridge memory device is 
selected from the group consisting of readonly memory (ROM), programmable 
read-only memory (PROM), erasable programmable read-only memory (EPROM), 
electrically-erasable programmable read-only monory (EEPROM), and non- 

5 volatile random-access memory (NVRAM) devices. 

10. An apparatus for storing information relating to amounts of ink contained within an 
Inkjet printhead cartridge and within a remote ink cartridge, die q>paratus 
comprising: 
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a primaiy ink reservoir disposed on the printhead cartridge, the primary ink 

s reservoir containing a first quantity of ink; 

a printhead cartridge memory device which stores a stored primary ink level value 
related to the level of the first quantity of ink, the printhead cartridge 
memory device disposed on the printhead cartridge; 
a secoixlary ink reservoir disposed on the remote ink cartridge, the secondary ink 

0 reservoir containing a second quantity of ink in intermittent fluid 

communication with the primary ink reservoir, 
a remote ink cartridge memory device which stores a stored secondary ink level 
value related to the level of the second quantity of ink, the remote ink 
cartridge memory device disposed on the remote ink cartridge; aiKl 

5 a printer controller that interfaces at least with the printhead cartridge memory 

device and the remote ink cartridge memory device, that accesses the stored 
primary ink level value ftomi the printhead cartridge memory device, that 
accesses the stored secondary ink level value from the remote ink cartridge 
memory device, that determines the level of the first quantity of ink based 

0 on the stored primary ink level value, that determines, the level of the 

second quantity of ink based on the stored secondary ink level value, and 
that generates printer control signals according to the levels of the first and 
second quantities of ink. 

11. The apparatus of Claim 10 wherein the printhead cartrid^ memory device is 
selected firom the gro\q) consistiiig of electrically-erasable prograxxunable read-only 
memory (EEPROM) and nori- volatile random-access memory (NVRAM) devices. 

12. The apparatus of Oaim 10 ^oein the ink cartridge memory device is selected 
fiom the group consisting of progranmiable read-only memory (PROM), erasable 
programmable rcad-<Mily memory (EPROM), electrically-erasable progranunable 
read-only manory (EEPROM), and non-volatile random-access memory 

5 (NVRAM) devices. 

13. The apparatus of Claim 10 wherdn the stored primary ink level value and the 
stored secoiKlary ink level value are ink drop count values. 

14. The apparatus of Claim 1 0 further comprising: 
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a flow control device connected between the secondary ink reservoir and the 
primary ink reservoir, the flow control device electrically connected to the 
printer controller via a flow command line, the flow control device enabling 
fluid flow &om the secondary ink reservoir to the primary ink reservoir 
upon receipt of an enable-flow signal on the flow command line, and the 
flow control device precluding fluid flow from the secondary ink reservoir 
to the primary ink reservoir upon receipt of a disable-flow signal on the 
flow commaiKl line; and 
the printer controller issuing an enable-flow signal on the flow command line when 
the stored primary ink level value is less than a minimum threshold, and 
issuing a disable-flow signal on the flow conunand line after an ink transfer 
period has elapsed. 

15. The apparatus of Claim 10 wherein the printer controller updates the stored primary 
ink level value in the prinAead cartridge memory device when the level of the first 
quantity of ink has chaiiged, and iqxlates the stored secondary ink level value in the 
remote ink cartridge monory device when the level of the second quantity of ink 
has changed. 

16. An apparatus for storing information relating to amounts of ink contained within an 
inkjet printhead cartridge and within a remote ink cartridge, the ^paratus 
comprising: 

a primary ink reservoir dLqx>sed on the printhead cartridge, the primaiy ink 
reservoir containing a first quantity of ink; 

a printhead cartridge memory device which stores a stored primary ink level value 
related to the level of die first quantity of ink, the prindiead cartridge 
memory device disposed on the inkjet printhead cartridge, the printhead 
cartridge memory device selected from the gn>iq> consistir^ of electrically- 
erasable programmable read-only memory (EEPROM) and ncm-volatile 
random-access manory (NVRAM) devices, 

a secondary ink reservoir disposed on the remote ink cartridge, the secondary ink 
reservoir containing a second quantity of ink; 

a remote ink cartridge memory device which stores a stored secondary ink level 
value related to the level of the second quantity of ink, the remote ink 
cartridge monory device disposed on the remote ink cartridge, the remote 
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ink cartridge memoiy device selected from the group consisting of 
programmable read-only memoiy (PRONf), erasable programmable read- 
only memory (EPROM), electrically-erasable programmable read-only 
memory (EEPROM), and non- volatile random-access memory (NVRAM) 
devices; 

a flow control device coimected between the secondary ink reservoir and the 
primary ink reservoir, the flow control device electrically connected to a 
printer controller via a flow conmiand line, the flow control device enabling 
fluid flow from the secondary ink r^ervoir to the primary ink reservoir 
upon receipt of an enable-flow signal on the flow conunand line, and the 
flow control device precluding fluid flow from the secondary ink reservoir 
to the primary ink reservoir iqx>n receipt of a disable*flow signal on the 
flow command line; and 

the printer controUer inter&cing at least with the printhead cartridge menoory 
device and the remote ink cartridige memory device, the printer controller 
accessing Che stored primary ink level value from the printhead cartridge 
memoiy device, accessiiig the stored secondary ink level value from the 
remote ink cartridge memory device, determining the level of the first 
quantity of ink based on the stored primary ink level value, detenniniog the 
level of die second quantity of ink based on ttie stored secondary ink level 
value, issuing an enable-flow signal on the flow command line when the 
stored primary ink level value is less than a minimum threshold, issuing a 
disable-flow signal on the flow command line after an ink transfer period 
has elapsed, updating the stored primary ink level vahie in the printhead 
cartridge memory device when the level of the first quantity of ink has 
changed, and updating the stored secondary ink level value in the remote 
ink cartridge memory device when the level of the second quantity of ink 
has changed. 

17. The apparatus of Claim 10 further comprising: 

at least one primary ink level sensor disposed on the primary ink reservoir, the at 

least one primary ink level sensor producing a primary ink level signal 

related to the level of the first quantity of ink; 
a printhead cartridge ink level sensing circuit electrically coimected to the at least 

one primary ink level sensor, the printhead cartridge ink level sensing 
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circuit receiving the primaiy ink level signal, detmnining a measured level 
of the first quantity of ink based on the primaiy ink level signal, and 
generating a measured primary ink level value indicative of the measured 
level of the first quantity of ink; and 
the printer controller receiving the measured primary ink level value bom the 
printhead cartridge ink level sensing circuit. 

18. The apparatus of Claim 17 fiirther comprising: 

a flow control device connected between the secondary ink reservoir and the 
primaiy ink reservoir, the flow control device electrically coimected to the 
printer controller via a flow command line, the flow control device enabling 
fluid flow fix)m the secondary ink reservoir to the primary ink reservoir 
upon receipt of an enable-flow signal on the flow command line, and the 
flow control device precluding fluid flow fix>m the secoixiaiy ink reservoir 
to the primaiy ink reservoir upon receipt of a disable-flow signal on the 
flow command line; and 

the printer controller issuing an enable-flow signal on the flow command line when 
the stored primary ink level value is less than a minimum threshold, and 
issuing a disable-flow signal on the flow command line when the measured 
pririiary iiik level value iiidicates diat the priinaiy iiik reservoir is fiill. 

19. The apparatus of Oaim 17 wherein the printer controller compares the measured 
primary ink level vahie to the stored primary ink level value, and generates printer 
control signals based upon the comparisonu 

20. The qq>aratus of Claim 19 wherein die printer controller g^erates a system fauh 
message indicating a primary ink level sensor fault "wbea the measured primary ink 
level value does not match the stored primary ink level value. 

21. The apparatus of Claim 10 fiirther comprising: 

at least one secondary ink level sensor disposed on the secondary ink reservoir, the 
at least one secondary ink level sensor producing a secondary ink level 
signal related to the level of the second quantity of ink; 

a remote ink cartridge ink level sensing circuit electrically connected to the at least 
one secondary ink level sensor, the ronote ink cartridge ink level sensing 
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circuit receiving the secondary ink level signal^ detennining a measured 
level of the second quantity of ink based on the secondary ink level signal, 
and generating a measured secondary ink level value indicative of the 
10 measured level ofthe second quantity of ink; and 

the printer controller receiving the measured secondary ink level value from the 
remote ink cartridge ink level sensing circuit. 

22. The apparatus of Claim 21 wherein the printer controller compares the measured 
secondary ink level value to the stored secondary ink level value, and generates 
printer control signals based iq>on the comparison. 

23. The apparatus of Claim 22 wherein the printer controller generates a system fault 
message indicating a secondary ink level sensor fault yfhen the measured secondary 
ink level value does not match the stored secondary ink level vahie. 

24. An ink cartridge which is remotely located relative to an inkjet printhead in an 
inkjet printer, the cartridge comprising: 

a secoixlary ink reso^oir, 

ink for use in die inkjet printer, the ink diqx>sed within the secondary ink reservoir, 
5 an ink cartridge memory device disposed on the secondary ink reservon* fw storing 

infcnrmation related to characteristics of the ink; 
a computer processor disposed on the secondary ink reservoir, the computer 
processor interfaced with the memory device and with a printer controller 
in the inkjet printer, the conqniter processcH- d^ermining, based upon the 
10 information related to characteristics of the ink, whether the ink is 

compatible with the printhead 

25. The ink cartridge of Claim 24 wherein the memory device is selected firom the 
group consisting of read-only memory (ROM), programmable read-only memory 
(PROM), OTsable programmable read-only memory (EPROM). electrically- 
erasable programmable read-only monory (EEPROM), and ncm-volatile random- 

5 access memory (NVRAM) devices. 

26. The ink cartridge of Claim 24 wherein the memory device and the computer 
processor are integrated into a single device diqx>sed on the secondary ink 
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reservoir. 

27. An apparatus for storing infonnation relating to amounts of ink contained within an 
inkjet printhead cartridge and within a remote ink cartridge, the apparatus 
comprising: 

a primary ink reservoir - disposed on the printhead cartridge, the primary ink 
reservoir containing a first quantity of ink; 

a printhead cartridge memory device which stores a stored primaiy ink level value 
related to the level of the first quantity of ink, the printhead cartridge 
memory device disposed on the printhead cartridge; 

a secondary ink reservoir disposed on the rffliote ink cartridge, the secondary ink 
reservoir containing a second quantity of ink in intermittent fluid 
corrmumication with the primaiy ink reservoir; 

a remote ink cartridge memory device which stores a stored secondary ink level 
value related to the level of the second quantity of ink, the remote ink 
cartridge memory device disposed on the remote ink cartridge; 

a remote ink cartridge processor disposed on the remote ink cartridge that interfaces 
with at least Ae remote ink cartridge memory device and a printer 
controller, that accesses the stored secondary ink level value finom the 
rennote ink cartridge nwmory device, that detmnines the level of the second 
quantity of ink based on the stored secondary ink level value, and that 
generates printer control signals according to the level of the second 
quantity of ink; and 

a printer controller that interfaces at least with the printhead cartridge memory 
device and the remote ink cartridge processor, that a c cesses the stored 
primary ink level vahie fiom the printhead cartridge memory device, that 
determines the level of die first quantity of ink based on the stored primary 
ink level value, and that generates printer control signals according to the 
level of the first quantity of ink. 

28. The apparatus of Claim 27 wherein the printhead cartridge memory device is 
selected firom the group comisting of progranunable read-only memory (PROM), 
erasable prograirmiable read-only memory (EPROM), electricaOy-erasable 
programmable read-only memory (EEPROM), and non-volatile random-access 
memory (NVRAM) devices. 
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29. The ^paratus of Claim 27 wherein the remote ink cartridge memory device is 
selected from the group consisting of read-only memory (ROM), electrically- 

^ erasable programmable read-only memory (EEPROM), and non-volatile random- 
access memory (NVRAM) devices. 

30. The apparatus of Claim 27 wherein the remote ink cartridge memory device and the 
remote ink cartridge processor are integrated into a single device disposed on the 
remote ink cartridge. 

31. The apparatus of Claim 27 wherein the stored primary ink level value and the 
stored secoiKlary ink level value are ink drop count values. 

32. The apparatus of Claim 27 further comprising: 

a flow control device connected between die secondary ink reservoir and the 
primary ink reservoir, the flow control device electrically connected to the 
printer controller via a flow command line» the flow control device enabling 
fluid flow from the secondary ink resovoir to the primary ink reservoir 
upon receipt of an eoable-flow signal on the flow conunand line, and the 
flow omtrol device precluding fhiid flow from the secondary ink reservoir 
to the primary ioik reservoir upon receipt of a disable-flow signal on the 
flow command line; and 

the printer controller issuing an enable-flow signal on the flow conmiand line when 
the stored primary ink level vali^ is less than a minimum threshold, and 
issuing a disable-flow signal on the flow conmiand line after an ink transfer 
period has ekq>sed 

33. The apparatus of Claim 27 whmin the printer controller updates the stored primary 
ink level value in the printhead cartridge memory device when the level of the first 
quantity of ink has changed. 

34. The apparatus of Claim 27 whoein die remote ink cartridge processor updates the 
stored secondary ink level value in the ronote ink cartridge memory device when 
die level of the second quantity of ink has changed. 
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35. An apparatus for storing information relating to amounts of ink contained within an 
inkjet printhead cartridge and within a remote ink cartridge, the ^paratus 
comprising: 

a primary ink reservoir disposed on the printhead cartridge, the primary ink 
5 reservoir containing a first quantity of ink; 

a printhead cartridge m^ory device which stores a stored primary ink level value 
related to the level of the first quantity of ink, the printhead cartridge 
monory device disposed on the printhead cartridge, the printhead cartridge 
memory device selected firom the group consistmg of electrically-erasable 
10 programmable read-only memory (EEPROM) and non-volatile random- 

access memory (NVRAM) devices, 
a secondary ink reservoir disposed on the remote ink cartridge, the secondary ink 

reservoir containing a second quantity of ink; 
a remote ink cartridge memory device which stores a stored secondary ink level 
15 value related to the level of the second quantity of ink, the remote ink 

cartridge memory device disposed on the remote ink cartridge, the remote 
ink cartridge memory device selected from the group consisting of 
progranmiable read-only memory (PROM), erasable progranunable read- 
only memory (EPROM), electrically-erasable programmable read-only 
20 memory (EEPROM), and non-volatile random-access memory (hTVRAM) 

devices; 

a flow control device connected between the secondary ink reservoir and the 
primary ink reservoir, the flow control device electrically connected to a 
printer controller via a flow command line, the flow control device ena bl in g 
25 fluid flow finom the secondary ink reservoir to the primary ink reservoir 

\xpoTk receq>t of an enable-flow signal on the flow c(Mnmand line, and die 
flow control device precluding fluid flow fiom the secondary ink res^oir 
to the primary ink reservoir upon receipt of a disable-flow signal on the 
flow command line; and 

30 a remote ink cartridge processor that interfaces with at least the remote ink 

cartridge memory device and a printer ccmtroller, that accesses the stored 
secondary ink level value from the remote ink cartridge memory device, 
detCTunes tbc level of the second quantity of ink based on the stored 
secondary ink level value, and updates the stored secondary ink level value 
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35 in the remote ink cartridge monory device when the level of the second 

quantity of ink has changed; and 
the printer controller interfacing at least with the printhead cartridge memory 
device and the remote ink cartridge processor, the printer controller 
accessing the stored primary ink level value from the printhead cartridge 

46 memory device^ determining the level of the first quantity of ink based on 

the stored primary ink level value« issuing an enable-flow signal on the flow 
command line when the level of the first quantity of ink is less than a 
minimum threshold, issuing a disable-flow signal on the flow command 
line after an ink transfer period has elapsed, and updating the stored 

45 primary ink level value in the printhead cartridge mmioiy device when the 

level of the first quantity of ink has changed. 

36. The apparatus of Claim 27 further conq>rising: 

at least one primary ink level sensor disposed on the primary ink resorvoir, the at 
least one primary ink level sensor producing a primary ink level signal 
related to the level of the first quantity oF ink; 
5 a printhead cartridge ink level sensing circuit electrically connected to the at least 

one piimaiy ink level sensor, the printhead cartridge ink level sensing 
circuit receiving the primaiy ink level signal, detenniniiig a measured level 
of the first quantity of ink based on the primary ink level signal, and 
generating a measured primary ink level value indicative of the measured 
10 level of the first quantity of ink; and 

die printer controller receiving tibe measured primaiy ink level value from the 
prindiead cartridge ink levd sensing circuit 

37. The ^q)aratus of Claim 36 fai^ conq>rising: 

a flow control device connected between the secondary ink resovoir and the 
primaiy ink reservoir, the flow control device electrically connected to the 
printer controller via a flow command line, the flow control device en abling 
5 fhiid flow fiom die secondary ink reservoir to the primary ink resovoir 

upon receipt of an enable-flow signal on the flow conomand line, and the 
flow control device prechiding fluid flow from the secondary ink reservoir 
to tiie primary ink reservoir upon receipt of a disable-flow signal on the 
flow command line; and 
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the printer controller issuing an enable-flow signal on the flow command line when 
the stored primary ink level value is less than a minimum threshold, and 
issuing a disable-flow signal on the flow command line when the measured 
primary ink level value indicates that the primary ink reservoir is full. 

38. The apparatus of Claim 36 wherein the printer controller compares the measured 
primary ink level value to die stored primary ink level value, and generates printer 
control signals based upon die conq>arison. 

39. The apparatus of Claim 38 wherein the printer controller generates a system fault 
message indicating a primary ink level sensor fault when the measured primary ink 
level value does not match the stored primary ink level value. 

40. The apparatus of Claim 27 further comprising: 

at least one secondary ink level sensor disposed on the secondary ink reservoir, the 
at least one secondary ink level sensor producing a secondary ink level 
signal rdated to the level of the second quantity of ink; and 

a remote ink cartridge ink level sensing circuit electrically connected to the at least 
one secondary ink level sensor, the remote ink cartridtge ink level soising 
circuit receiving the secondary ink level signal, determining a measured 
level of the second quantity of ink based on the secondary ink level signal, 
and gen^ating a measured secondary ink tcvd vahie indicative of the 
measured level of the second quantity of ink. 

41. The apparatus of Claim 40 whmin the printer controller receives the measured 
secondary ink level value from the remote ink cartridge ink level sensing circuit, 
conq>ares the measured secondary ink level value to the stored secondary ink level 
value, and generates printer control signals based upon the coxxq>arisoxL 

42. The apparatus of Claim 41 wherein die printer contrbUer genoates a system fault 
message indicating a secondary ink level sensor fault when the measured secondary 
ink level value does not match the stored secondary ink level vahie. 

43 . The apparatus of Claim 40 wherein the remote' ink cartridge processor receives the 
measured secondary ink level value from the remote ink cartridge ink level sensing 
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circuit, compares the measured secondary ink level value to the stored secondary 
ink level value, and generates printer control signals based upon the comparison. 

5 

44. The apparatus of Claim 43 wherein the remote ink cartridge processor generates a 
system fault message indicating a secondary ink level sensor fault when the 
measured secondary ink level value does not match the stored secondaiy ink level 
vahie. 

5 

45. An ink supply apparatus for an inkjet printhead, comprising: 

an off-carrier ink reservoir which is remotely located relative to the inkjet 
printhead; and 

at least one nonvolatile random access memory (NVRAM) device disposed on the 
s off-carrier ink reservoir for string ink consumption information. 

46. The ink supply apparatus of Claim 4S wherein the ink consumption infomoation 
stored in the NVRAM device is used to test the integrity of at least one ink level 
sensor disposed within the ink reservoir. 

47. The ink suiq>ly aqqparatus of Claim 45 wherein the ink consuiqption information 
stored in the NVRAM device is used to test the integrity of an ink reOU system for 
refilling the ink reservoir. 

48. An apparatus for comparing characteristics of an inkjet printhead cartridge with 
charactoistics of a remote ink cartridge, the apparatus comprising: 

a printhead diq>os6d on ^ printhead cartridge, the printhead having an array of 
nozzles, each nozzle having an ejection element for causing ink in the 
5 nozzle to be ejected from ib& nozzle and ejected ink onto a print medium; 

a primary ink reservoir diqx»sed on the printhead cartridge, the primary ink 
reservoir in fluid conmumicaticm widi the array of nozzles; 

a first quantity of ink having first characteristics and disposed within the primary 
ink reservoir, 

10 a printhead cartridge monory device which stores first information related to the 

first characteristics, the printhead cartridge memory device diq)osed on the 
printhead cartridge; 
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a secondary ink reservoir disposed on the remote ink cartridge, the secondary ink 
reservoir in intermittent fluid communication with the primary ink 
reservoir; 

a second quantity of ink having second characteristics and disposed within the 
secondary ink reservoir, 

a remote ink cartridge memoiy device which stores second information related to 
the second characteristics, the remote ink cartridge memory device disposed 
on the remote ink cartridge; and 

a printer controller that interfaces at least with the printhead, the printhead cartridge 
memory device, and the remote ink cartridge memory device, that accesses 
the first information from the printhead cartridge memoiy device, that 
accesses the second information fiom the remote ink cartridge memory 
device, that compares the first information to the second informatioii, that 
determines the compatibility of the printhead cartridge and the remote ink 
cartridge, and diat gsoesates printer control signals according to the 
cooqiatibility of the printhead cartridge and the remote ink cartridge. 

49. The apparatus of Gaim 48 wherein the prindiead cartridge memory device is 
selected from the group consistii^ of read-only monory (ROM), progranunable 
read-<Hily memory (PROM), erasable programm^le read-only memory (EPROM), 
electricaUy-msable programmable read^y memoiy (EEPROM), and non- 
volatile random-access mmory (NVRAM) devices. 

50. The apparatus of Claim 48 wheran the remote ink caitridlge memory device is 
selected fiom the group consisting of read-only mcmc^ (ROM), |m>grammable 
read-only memory (PROM), erasable programmable read-only memory (EPROM), 
electrically-erasable progranunable read-only memory (EEPROM), and non- 
volatile random-access memoiy (NVRAM) devices. 

51. An a{q[>aratus for storing information relating to amounts of ink contained within an 
inlget prinAead cartridge and witiun a remote ink cartridge, the qqiaratus 
conqmsicg: 

a primary ink reservoir disposed on the printhead cartridge; 
a first quantity of ink disposed within the primary ink reservoir; 
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a printhead cartridge manoiy device which stores a stored primary ink level value 
related to the level of the 5rst quantity of ink, the printhead cartridge 
memory device disposed on the printhead cartridge; 
a secondaiy ink reservoir disposed on the remote ink cartridge, the secondary ink 
10 reservoir in intermittent fluid communication with the primary ink 

reservoir, 

a second quantity of ink disposed within the secondary ink reservoir, 
a remote ink cartridge memoiy device which stores a stored secondary ink level 
value related to the level of the second quantity of ink, the remote ink 
IS cartridge memory device disposed on the remote ink cartridge: aiKl 

a printer controller tiiat inter&ces at least with the printhead cartridge memory 
device and the renx>te ink cartridge memory device, that accesses the stored 
primary ink level value from the printhead cartridge memory device, that 
accesses the stored secondary ink level value from the rmote ink cartridge 
mCTM>ry device, diat determines the level of the first quantity of ink based 
on the stored primary ink level value, that determines the level of the 
second quantity of ink based on the stored secondary ink level vahie, and 
that generates printer control signals according to the levels of the first 
quantity of ink and the second quantity of ink. 

52. The qyparatus of Gaim 51 wherein the printhead cartridge memory device is 
selected from the group consisting of programmable read-only memory (PROM), 
erasable programmable read-only memory (EPROM), electrically-erasable 
programmable readK)nly memory (EEPROM), and nra-volatile randono-access 
memcny (NVRAM) devices. 

53. The apparatus of Claim 51 wherein die remote ink cartridge inanory device is 
selected from the group consisting of read-only memory (ROM), electrically- 
erasable programmable read-only memory (EEPROM), and non-volatile random- 
access memory (NVRAM) devices. 

54. A m^hod of controlling an inlget printer having nmhiple ink reservoirs that supply 
ink to a single prinfliea4 the mediod cooqmsing the steps of: 
storing first information in a first memory device, die first information indicative of 

characteristics of a first quantity of ink contained in a primary ink reservoir, 
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5 Storing second infoimation in a second memory device, the second information 

indicative of cbaractmstics of a second quantity of ink contained in a 
secondary ink reservoir; 
arrj>cQing the first memoiy device to retrieve the first information; 
accessing the second memory device to retrieve the second information; 
10 det^mining the characteristics of the first quantity of ink based upon the first 

information; 

determinii^ the characteristics of the second quantity of ink based upon the second 
information; 

com|>aring the characteristics of die first quantity of ink with the characteristics of 
15 the second quantity of ink; 

determinu^ the compatibility of the first quantity of ink with the second quantity of 
ink based upon the comparison of the characteristics of the first quantity of 
ink with the characteristics of the second quantity of ink; 
genoating a printer control signal based upon the compatibility of the first quantity 
20 of ink with the secomi quantity of ink; and 

controlling the printer in response to the printer control signal. 

55. The method of Claim 54 wherein the first information and second information are 
indicative of one or more characteristics of ink selected ftoih the ffoup consisting 
of ink color, ink formulation, ink manufacturing date, ink manu&cturing lot 
immber, ink manufacturing plant, ink-specific imnthead settings* ink spectxdl 

s analysis, ink idratification number, ink reservoir capacity, and ink level 

56. The mediod of Claim 55 wherein the step of comparing the characteristics of the 
first quantity of ink with the characteristics of the second quantity of ink fiuAer 
con^rises comparing the color of tiie first quantity of ink with tfie color of the 
second quantity of ink. 

5 

57. The mediod of Claim 56 wherein the step of determining the compatibility of the 
first quantity of ink with the second quantity of ink fiirther coii^irises determining 
color difference b^eai die color of die first quantity of ink and die color of die 
second quantity of ink. 
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58. The method of Claim 57 wherein the step of generating a printer control signal 
further comprises: 

continuing printer operation when the color difference is nonexistent; 
pausing printer ofxsration and asking the user whether printer operation should 
5 continue when the color difference is insubstantial; and 

halting printer operation and eliciting user intervention when the color difference is 
substantial. 



59. The method of Claim 55 wherein the stq> of comparing the characteristics of the 
first quantity of ink with the characteristics of the second quantity of ink further 
conq)rises comparing the formulation of the first quantity of ink with the 
formulation of the second quantity of ink. 

60. The method of Gaim 59 wherein the step of detennining the connpatibility of the 
first quantity of ink with the second quantity of ink further comprises determining 
whether the fonnulation of the first quantity of ink is the same as the formulation of 
the second quantity of ink. 

61. The method of Claim 60 wherein the step of generating a printer control signal 
fiifth^ comprises: 

continuing printer (^)aation when the formulation of the first quantity of ink is the 
same as the formulation of the second quantity of ink; and 

halting printer opmtion and eliciting user intenrention when the formulation of the 
first quantity of ink is not the same as the formulation of the second 
quantity of ink. 

62. A method of controlling an inlget printer having a primary ink reservoir containing 
a first quantity of ink and a secondary ink reservoir containing a second quantity of 
ink, the method conqirising the steps of: 

storing first information in a first meoaory device di^x>sed on ttie primary ink 
reservoir, die first informadcm indicative of a level of the first quantity of 

ink; 

storing second information in a second mwnory device disposed on the secondary 
ink reservoir, the second information indicative of a level of the second 
quantity of ink; 
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accessing the first memory device to retrieve the first iafonnation; 
accessing the second memory device to retrieve the second information; 
detennining a stored level of the first quantity of ink based upon the first 
information; 

determining a stored level of the secoiul quantity of ink based upon the second 
information; 

comparing the stored level of the first quantity of ink to a first minimum value; 
conq^aring the stored level of the second quantity of ink to a second minimum 
value; 

transferring ink from the secondary ink reservoir to the primary ink reservoir when 
the stored level of the first quantity of ink is less than the first minimum 
value and the stored level of the second quantity of ink equals or exceeds 
the second minimum value; 

continuing printer op^ation when the stored level of the first quantity of ink equals 
or exceeds the first minimum \^ue; and 

stopping printer operation and eliciting user intervention when the stored level of 
the second quantity of ink is less than the second minimum vahie. 

The Do^bod of Claim 62 fiirtber comprising the steps of: 

transfeniiig ink from the secondary ink reservoir to the primary ink reservoir for a 
predetermined time poiod; 

detennining a measured level of the first quantity of ink at the end of the 
predetermined time period by measuring the level of the first quantity of ink 
using an ink level season and 

rq>eating the previous two steps until the measured level of the first quantity of ink 
indicates that the primary ink reservoir is full» or that the measured level of 
the first quantity of ink has rK>t increased conq>ared to the most recent 
previous measuring of the level of the first quantity of inL 

The m^hod of Qaim 62 fiirther onnprising the steps of: 

determining a measured level of the first quantity of ink by measuring the level of 

the first quantity of ink using an ink level sensor, 
cnmparing the measured level of the first quantity of ink with the stored level of the 

first quantity of ink; and 
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Stopping printer operation and eliciting user intervention when the measured level 
. of the first quantity of ink differs from the stored level of the first quantity 
of ink. 

65. The method of Qaim 62 further comprising the steps of: 

detennining a measured level of the second quantity of ink by measuring the level 

of the second quantity of ink using an ink level sensor, 
conq)aring the measured level of the second quantity of ink with the stored level of 

the second quantity of ink; and 
stopping printer operation and eliciting user intervention when the measured level 

of the secoiul quantity of ink differs from the stored level of the second 

quantity of ink. 

66. A method of controlling an inkjet printer having a remote ink reservoir supplying 
ink to a printhead cartridge, the method conq)rising the steps of: 

storing a first identification number in a first memory device on the printhead < 
cartridge; 

storing a second identification number in a second memory device on the remote 
ink reservoir, 

fl<rr-<fcggm£ the first memory device to retrieve the first identification number; 
accessing the second memory device to retrieve the second identification number, 
conqparing the first identification number to the secorKl identification number; 
determinirig the coxqiatibility of the printhead cartridge with the remote ink 

reservoir based iq>on the comparison of the first identification riunaber to 

the second identification number, 
generating a printer omtrDl signal based upon the compatibility of tfie printhead 

cartridge with the remote ink reservoir, and 
controlling the printer in response to the printer control signal. 

67. The me&od of Claim 66 wherein the step of determining the compatibility of the 
printhead cartridge with the remote ink reservoir further conqirises detennining 
whedier the first and second identification numbers are equivalent 

68. The method of Claim 67 wherdn the step of genaating a printer control signal 
fiirther comprises: 
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continuing printer operation when the first and second identification numbers are 
equivalent; and 

5 halting printer operation and eliciting user into^ention when first and second 

identification numbers are not equivalent. 
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